Anthramycin can form a stable complex with DNA which does not dissociate upon repeated ethanol precipitations. The complex forms in less than one hour at pH 5.5. Bound anthramycin seems to be located in the minor groove of the DNA helix in the anthramycin DNA complex, since methylation of adenosine residues at N-3 by dimethylsulfate is reduced. The anthramycin-DNA complex is resistant to digestion by an excess of a number of restriction enzymes. Anthramycin can be removed from DNA by incubation at acid pH. The released DNA can then be cleaved by restriction enzymes. Anthramycin-DNA complexes can be acted upon by T^ polynucleotide ligase to form longer DNA molecules. The ability of anthramycin to form a stable but reversible complex which is not cleaved by restriction enzymes but can engage in joining reactions may allow a wider variety of DNA fragments to be more readily constructed in vitro.
INTRODUCTION
For certain DNA constructions it would be useful to carry out a ligation reaction followed with cleavage by an enzyme in only one of the fragments undergoing the ligation. If restriction sites are present within both fragments, cleavage would occur in both segments, but if one fragment can be protected from cleavage before the ligation, subsequent cleavages will take place only in the unprotected fragment. A procedure similar in concept has been used in the cloning of randomly generated fragments using Eco RI linkers by methylating the large DNA fragments, but not the linker molecules, with Eco RI methylase.
While this technique is suitable for cloning applications, it
is not a general method, since many specific methylases are not readily available and the protection is not reversible. A more general type of protection would block cleavage of a DNA segment from a variety of nucleases, but be removable so the segment of DNA could be cleaved at a later stage of manipulation if desired.
With these ideas in mind, the study of the interactions of DNA complexed with anthramycin was undertaken. Anthramycin (An) has been previously studied and seemed to have several features required for such a protecting agent (for a recent review see Hurley, ref. 5 ) . It rapidly forms a stable complex with DNA through formation of aminal linkage with the N-2 amino group of fi 7 8 guanine.
It can protect native DNA from degradation by nuclease ' and it can be removed from DNA under low pH conditions which should not extensively q degrade the DNA molecule.
In this report experiments are presented which show how anthramycin can form a stable complex with DNA and that the location of the complex can be determined by its inhibition of methylation by dimethyl sulfate. The DNA-An complex is resistant to a variety of restriction endonucleases, but still can ligate to other DNA fragments using T^ polynucleotide ligase. Combinations of ligatlon and restriction cleavage were carried out as examples of constructions made easier with the aid of anthramycin protection. DNA fragments were isolated from pclyacryland.de gels, using high salt and 32 -SDS, treated with phosphatase and labeled using y-P-ATP and polynucleotide 22 kinase as described.
MATERIALS AND METHODS

11-
Conditions for DNA sequencing reactions using dimethyl sulfate and hydrazine and the acid, alkali, and piperidine workup have been described. 22 Restriction enzyme digestions were carried out in 6 mM Tris-Cl, pH 7.4, 6mM DTT, 6 mM MgCl 2 , 100 ug/ml bovine serum albumin at a DNA concentration of 20-40 ug/ml. The NaCl concentration recommended for each enzyme was used.
The amount of enzyme used in the digestions was routinely a 3-5 fold excess of In order to see if any alkali or acid labile linkages were introduced by An, the DNA was treated at pH 2.8 under conditions which can be used to remove bp which contained a Cfo I site. Sensitivity of the Cfo I site within the 147 bp fragment could be regained after low pH treatment. 32 In another test of the construction scheme (Fig. 6 ) a 5'-P-labeled BspR I-Taq I fragment was treated with An and joined to the Hpa II 527 bp fragment used above. These can join via a Hpa II/Taq I junction since Hpa II and Tag I both generate 5'-CG protruding ends. The ligated product was then cleaved within the untreated segment and separated by polyacrylamide gel electrophoresis. After elution, the fragment contained a segment arising from the untreated 527 bp fragment, which could be digested with restriction enzymes Mbo II and Cfo I and a section, composed of the An-BspR I-Taq I fragment, which was not cleaved by these enzymes although it contains recognition sites for both of them. This experiment demonstrated that An-DNA could be run on a gel, eluted and still retain its ability to protect the DNA from restriction enzyme cleavage. An aliquot of the product of ligation of the An-BspR I-Taq I fragment was subjected to dialysis vs SSC pH 3.0 overnight. After this deblocking step, which gave more complete An removal than was usually found with the n-butanol procedure, the restriction cleavage products were the same as those found if an untreated BspR 1 -Tag 1 fragment were taken through the procedure. This experiment demonstrated that An could be removed from DNA after ligation to yield a product which could be cleaved by restriction endonucleaves in the expected manner. 
